Characterization of two cDNA clones for pyruvate dehydrogenase E1 beta subunit and its regulation in tricarboxylic acid cycle-deficient fibroblast.
Two distinct types of cDNA clones encoding for the pyruvate dehydrogenase (PDH) E1 beta subunit were isolated from a human liver lambda gt11 cDNA library and characterized. These cDNA clones have identical nucleotide sequences for PDH E1 beta protein coding region but differ in their lengths and in the sequences of their 3'-untranslated regions. The smaller cDNA had an unusual polyadenylation signal within its protein coding region. The cDNA-deduced protein of PDH E1 beta subunit revealed a precursor protein of 359 amino acid residues (Mr 39,223) and a mature protein of 329 residues (Mr 35,894), respectively. Both cDNAs shared high amino acid sequence similarity with that isolated from human foreskin (Koike, K.K., Ohta, S., Urata, Y., Kagawa, Y., and Koike, M. (1988) Proc. Natl. Acad. Sci. U.S.A. 85, 41-45) except for three regions of frameshift mutation. These changes led to dramatic alterations in the local net charges and predicted protein conformation. One of the different sequences in the protein coding region of liver cDNA (nucleotide position 452-752) reported here was confirmed by sequencing the region after amplification of cDNA prepared from human skin fibroblasts by the polymerase chain reaction. Southern blot analysis verified simple patterns of hybridization with E1 beta cDNA, indicating that the PDH E1 beta subunit gene is not a member of a multigene family. The mechanisms of differential expression of the PDH E1 alpha and E1 beta subunits were also studied in established fibroblast cell lines obtained from patients with Leigh's syndrome and other forms of congenital lactic acidosis. In Northern blot analyses for PDH E1 alpha and E1 beta subunits, no apparent differences were observed between two Leigh's syndrome and the control fibroblasts studied: one species of PDH E1 alpha mRNA and three species of E1 beta mRNA were observed in all the cell lines examined. However, in one tricarboxylic acid cycle deficient fibroblast cell line, which has one-tenth of the normal enzyme activity, the levels of immunoreactive PDH E1 alpha and E1 beta subunits were markedly decreased as assessed by immunoblot analyses. These data indicated a regulatory mutation caused by either inefficient translation of E1 alpha and E1 beta mRNAs into protein or rapid degradation of both subunits upon translation. In contrast, the PDH E1 alpha and E1 beta subunits in two fibroblast cell lines from Leigh's syndrome patients appeared to be normal as judged by 1) enzyme activity, 2) mRNA Northern blot, 3) genomic DNA Southern blot, and 4) immunoblot analyses indicating that the lactic acidosis seen in these patients did not result from a single defect in either of these E1 alpha and E1 beta subunits of the PDH complex.